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CHAPTER I 



INTRODUCTION 



German Wartime Developiaents aad Preseat Applicability 

It Is generally well known that a significant 
effort of German science was channelled into development 
and application of magnetic control devices during V/orld War II. 
The decision to effect this effort was made at a time when 
there was no particular shortage of vacuum tube components. 

The motivation behind the move was ascribed to the need for 
more service reliability. Such reliability would presumably 
relieve an acute shortage of technical field personnel who 
were called upon to maintain electronic equipment. Contem- 
poraneously, a similar effort encompassed development of high 
speed machinery (1), 

Credit for the introduction of magnetic devices 
cannot go to Germany alone, since other countries, including 
our own, held a greater number of patents employing the 
magnetic device ( 2 )( 3 )« However, this wartime effort on the 
part of Nazi Germany is held to be largely responsible for the 
current renaissance of magnetics. 
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Philosophically, the same premium on technical 
personnel is with our mechanized society today, where control 
devices are an ever-increasing and integral part of the 
progressive automation of our peacetime economy, A rough 
index as to the extent of our need for technicians can be 
obtained from contemporary articles in the newspapers wherein 
the armed forces decry the loss of trained personnel of the 
technical fields to industry. For example, retention figures 
on electronic technicians have been the lowest, about 5^. 



Today *s Problems 

One logical solution to the problems posed above, 
which will apply equally well to both national postures of 
peace and of emergency, lies in the development of current 
equipment to the end of achieving a built-in reliability and 
service ruggedness. This translation of controlled-envlron- 
ment laboratory analyses into production line models is a 
continuing process today, in which the desirable properties 
of solid state devices such as magnetic cores, the titanatos 
and the semi-conductors are utilized to Improve reliability. 
Also related to applications of the above named materials, is 
the move to the use of high speed rotating machinery. Such 
a move seeks to exploit the backlog of experience and the 
inherent reliability of the rotating electro-mechanical power 
modulator, at the same tine condensing the volume of space 
required for a given power demand. 
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Radar Modulation 



In this preoeutatlon It la daslrod to Inveatlgato 
& pocsibl© reliability lr«proveiaent as applied to tbe liraltsd 
problem of redar modulation. Rader and other pulsed cyetantc 
oro presently an accepted adjunct to aea end atr craft. Basie 
design coneidcratlone for these eraft enphaslse economy of 
space and operational reliability. Hence, the applieablllty 
of more satisfactory solution* la german©. In the course of 
thlB Investigation, It will be attesaptad to employ a high 
speed Inductor alternator as the power source for a radar 
nodulator using thin tape magnetic cores es switching devices. 
The Investigation wculd seek to teat tho practicability of 
these In replecemont of vacutci tube switching circuitry and 
potjor supply, both of which are potential weak llnisa In the 
system. 

fresentatlon of Inveatlgatlon 

In accordance with the laetructlons for rrosontatlon 
of Tlioeoa for tho Depertrsent of Haval rchltecture and Karine 
Engineering, a description of the inductor alternator and of 
thin tape cores as applied to this subject is given at Intro- 
ductory material. Similarly a description of the circuitry 
used la given. General problems of import are dlscusaod as 
background material, /.nsulog chapters deal with nor® quanti- 
tative Inforiaatlon developed In tho course of tho investleation. 
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Hcitr0f:>o/sr Machthe (b) HomopJar Mdch/hc (a) 



Inductor Alternators 



There are two basic types of inductor alternators, 
honopolar and heteropolar. In tho former the excitation field 
flux crosses the air gap in only one direction; there is a 
coaxial field coil and there is no flux reversal in the rotor, 
only a flux pulsation unidirectlonally. An example is sketched 
in Pig. 1(a). In the heteropolar machine, tho axis of the 
field coil is mounted diametrically, requiring a flux reversal 
in the rotor. Figure 1(b) illustrates this type of machine. 

No windings are found on the rotor of either and honce no 
commutators or slip rings are necessary. The intent of the 
design is to create a time variant reluctance for the flux 
path of each winding, by use of sallency on both stator and 
rotor. It will be seen that as the rotor turns, the air gap 
flux is gated through each \vlnding in sequence. The effective 
alternating flux density in the armature winding thus varies 
from a maximum, limited by saturation, to a value near sero. 
Hence, the effective flux density variation is about half that 
for a conventional machine. At sufficiently high frequencies, 
the Inductor alternator becomes competitive v/lth conventional 
alternator designs, since a large number of poles may be 
accommodated on the periphery of the air gap, and also because 
no electrical connections are required on the rotor. It can 
be seen that the frequency of the output follows the conven~ 
tional formula: 
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a o;s:asilnatloii of of sallaiit ll^ltetlOE^: 
ia roXovant to th« s tatty of thia awicblao, few sf th««« «rss 

(1) eonaldoratlono cooEnon to hlg^b speed 
maebiaery* 

(2) Soaring considerations pocullar to Kachittory 
sountod on & cioiflng platform. 

<3) ieartns consider t Ions peculiar to the ImtoDtor 
alternatoi*. 

(4) Kochanlcal strength of tJao rotor esaterlal. 

The pewor dissipated hy a bearing la given wlU.out 
derivation, by «etrorf*« e^juatlon (4)» 

? . :u^r~ (i) 
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r =* journal radius. In. 

L ~ bearing length. In. 

N = journal speed, rpm 
c ^ radial clearance, in. 

K = constant 

Prom this expression it is seen that the heat 
generated in a bearing is proportional to the square of the 
speed. Two means can be employed to lower this loss, namely 
use of a lubricant with a low viscosity and increase of 
radial clearance. Since high speed bearings generally cannot 
accoitmiodate deflections as well as other bearings, the extent 
to which the product r-^L may be manipulated is limited. Air 
is successfully used as a hi^ speed lubricant; the approximate 
ratio of its viscosity to that of a li^t oil is 1666. Air 
bearings have a low radial load capacity. 

This machine uses a ball bearing oil mist system, 
sincelts designed speed (22,000 rpm) is not too hi^. 

Bearing problams peculiar to mounting on a moving 
platfirm involve the gyroscopic moment. For a constant 
angular velocity, •<*- , about an axis perpendicular to the 
axis of rotation, this moment is given by the formula (6); 

C =; J 

g 

- (3) 

g 
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C = e 3 TO#«oplc eoupl®. In. lb. 

J ^ rasCK!»afe of ©f rot^r, Ib. ln.*“ 

(A s antulnr roloolty of rotas*, r»f»ii3./s©o* 

-rti » an arbitrary eonatant angiilar vaiocltj 
W - wol^t of rotor, lb, 

)< = radltts of ggrratlon 

It caft ba .aean that th« baariug woul«i ba dealipiod 
for a radial load proportloasi ts t.b« woigJ*t of tla rotor for 
atatlooary «ountlng, aaob bearin'*' would support a load im$ 
folloiias 



«herej Vf - of rotor, lb. 

K ’ conetant of doaij^n (1.5-l|) 

7h» total lo^'d on the baarlng i>dian urod on a 
SBiovtns bs«o suah aa a ahlp a? aircraft l» o^ual to tha usual 
stationary load plus tiai gyroscopic moocnt load, fSil&h le tissa 
variant, Conblnlng e<|uatlon» <3) aod ik) to i^ot tbs total 
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Kow picking a valti* Tor roll wtiich night 

be ronllKtlc for a deatroyor typo, and assualntg that the 
ship*B »otlon ra«y bo approx Iciiitod by a alne wave: 
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Tlxo »w:inan boa:’ lag load now boccKas; 
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5 . (~|-V X 1,35 X 10"^) 



the second tern in tha bracket! does not 
2 

approach the first tern until kwbecone* largo, or until 
large mor^nts of Intertla aj*e dealt with or until large 
rotational epeeds are encountered . Thla explains, of course, 
iiixst auxiliary dlesolo which aro high speed, are not aounted 
athwartehips . It boars on this preblon at !iand In that high 
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speeds are used with a bearing idiich Is sensitive to 



radial loading. 



A final boaring consideration poculiar to the 
hl^ speed alternator is that d.c. leakage flux finds a path 
across the bearing clearance. The combination of this constant 
flux and the rotating journal forms a minusclo alternator 
in which high local currents can cause pitting and accelerated 
wear of the bearing journal. The ronedy for this condition 
has been to increase the reluctance of the bearing air gap. 

The mechanical strength of the rotor natorlal 
itself imposes a limitation. If wo assume that disk theory 
holds (7) wo may write down the formula for the stress dis- 
tribution in the moving rotor as follovis; 

-- (r^ - (7) 

a-t. (1.2 . (S) 

In which: ay - stress in radial direction, psi 

i stress in tangential direction, psi 

r ' radius of interest, in. 

r^ - outer radius, in. 
o 

y i ?oisson*8 ratio, .3 for steel 

t .2.8/386, unit mass density for steel 
^ - rotational speod for rotor, rad, /sec. 
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The two stress®* »re fjreateat wiiere the radios 
la aero, or at tlys center of t)w rotor, if wo assiuae that 
the rotor la »a«4» up of a alasle hotaogenoua material. *’or 
eteel, tbeea atresaoa bocoiaei 

2^ Jt » JV^ X (9) 

hero la tb« psrlp’-oral apeed, la. /sec. 

Tor tha alternator used in this preaentatlen, which was 
run at u low apoed, 9370 rpa, booauae of prlsse maver llcilta- 
tioas, wo have for th^a a tress at tlie centor of the rotor j 

- 3 X 10*^ X aTTs: 

“ 1!;j 02 psi (not accoanting for fillet and 
corner offeots) 

Comrcrsely, allowla;;; a rwiKlttum stress of 25^*000 psl, 
the porlphsral velocity Is aat et 9,150 In. /sec. end the speed 
at 33^3^50 rp-i. 

Fbys jo aX .Description of ;ltern^tgr 

The machine used r*aro la a 4^50 watt homopolar 
lndi:KJtor alternator designed to run et ZpOOO rpa. A 
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view of the jftaohino la shown In /ig, II. Elgb frequency 
raschinea, core coirr.on In tb.® «RX*ly days of radio snglneerlag, 
sra applicable Industrially today In induct ion heat traatPiemt. 

“laiaBro are 64 stator teeth and 32 rotor teeth. 

Brats rotor slogs are taoanted between the rotor teeth, the 
pu£»poso of t!i®i5e being to improve the wavefom by shorting 
out hifh*^ .frequencies than ilie rundamenfeal. Tm field coll 
is mounted coa-clally and th© flus path is seen to follow 
aerially along th© frame, radially across tha air gap, axially 
back throu^i th® rotor, again radially acrosa th® second air 
gap and again axially to tha field coll. The tm rotor-stator 
sections sr© offset such that th® dentioulated geometry la 
oo«pl®i3©ntaryj tluui the not air gap seen by th© field flux 
Is a constant. ’ach stator tooth Is wound with ll.|, turns of 
#26 /«WG laagnet wirej alternate otator teeth ere oppositely 
wound. 5 ?!iq field ©oil consists of 574 turns of the sane 
wire. X^ubrlcation is auppliod iijrough an Alemlte Cil-Kist 
automatic lubrication system, model 4955l>. fh© frame of tho 
alternator is mounted on m 1 Inch steel bed plate. The 
alternator shaft oonnocts through a spindle to a bolt drive, 
which in turn is driven by is I horsopot^r Uumoro tTnivorsal 
Motor, Mod. ^‘-GSl. 
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Rectanp;ulai* Hysteresis Loop Materials 



For switching circuits in the present state of 
the art, these materials may be separated into two categories, 
the ferromagnetic tape cores and the ceramics. The differences 
in properties of these may be illustrated in Table I, in which 
an example of each is given: 

TABLE I 



COMPARISON OF FERROMAGNETIC AND C£RA1''1IC CORE PROPiRTIES 





Resistivity 


Residual Ind. 


D.C. 

Coercivitv 


Curie 

Temt). 




ohn-cra 


gauss 


oersteds 


°C 


14.-79 Permalloy 


5 X 10"^ 


8700 


1 

.1 


1100 


(ferromagnetic) 










MP -1118 Perramlc 


lo"^ 


1800 


1.5 


200 


(ceramic) 











It can be seen that the metallic tapes have 
generally low resistance, high residual Inductance and Curie 
temperature. The ceramics have opposite characteristics but 
have excellent high speed memory applications since due to 
high resistance, eddy currents cannot build up. Switching 
tines for the two samples chosen above are 10 and 1 micro- 
seconds respectively for a step current drive of twice the 
coorclvity (8). 
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Tho cermaic cores, however, with a high voluia® to 
area ratio for nochanical strength and low thermal conduct- 
ivity are not able to dlealpete heat rapidly. The 
lew Curie tos'^erature in conjunction with this last named 
property causes changes in characteristics at high switching 
rates. To reduce eddy current effects, the tapes cro reduced 
in thickness to sizes of the order of one mil. The 
B-H Characteristics of some of the cossmonly used materials 
ere given in Fig, III, 

Cores may bo switched with flux drive (voltage) 
or with current drive, from one remanent state to tlvs other. 
Generally the cuaent drive is associated with a higher coer- 
cive force. This value of coercive force increases with 
increase in the frequency of switching as a result of higher 
eddy currents and hence losses. The d.c. hysteresis loop 
corresponds to the minlmuai energy required for core swltchir^. 

In this application, wo are concerned with 
flux switching of the wound core. Lenz* Law in 
an Integratod form applies: 
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Integrating from t ' 0 to at which tliaa the 
core has changed state fron one residual stable state to 
saturation, we have*! 




% 



( 11 ) 



'» Zr,A B 



lh«)r 



Vvhen the core is driven Into the saturated state, 
It acquires a constant permeability which Ic very saall. 

UhLs leads to a value of inductance of the winding of the 
saturated corei 



IjAi ' 




t 



( 12 ) 



s 



3.2 /^j, 

k 



X 10 



(13) 






vJiore: s - • $ «i constant 



A « area of core, square in, 

W • number of turns 

' mean/ length of ’’torOrd", in. 
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Similarity to Switch Operations 



There is no single value ot y which Is applicable 
to the core in the transition state from one remanent state 
to the other. Eowevor, If we look at the locus of operation, 
l.e. the hysteresis loop, we seo that for a tall slender loop 
a value may be assumed equal to B„/H„ as shown In Pig. Ill (a). 
This pornlts an approximation to the tine variant Inductance 
of the wound core In svritchiog. Thereby, wo hove an approxi- 
mate gauge es to the effectiveness of the switch In the ratio 

P .,/ 02 * B H . This Is because this ratio Is the 

u' r s i!i' r s c 

equivalent of the ratio of the “open-swltoh” inductanoo to the 
“closed-awltoh" Inductance In an impedance element made up of 
Indue tenco alone, Kelvllle (2) gives a figure of 2000 as 
desirable for this ratio for pulse circuit application. 

Associated with the material of the core Is 
a maximum flux density variation, shown on Pig. Ill (a) as 

permits fewer turns on the winding for the same voltage-tlm© 
Integral, l.e. the same s'kltchlng waveform, We would like 
to use a material which has a largo consistent with 

other criteria. Having a smaller number of turns leads to 
a smaller saturated Inductance. 



'18 






jti ylylijcM 



«i4»oi/9n» .•♦1^ M **i •wf 

|_ii ;llMll C 09 wars fSl ®* 

,tP^U%yt^ t« *»ol *♦ •»» U ^ 

^ii ^e^U tu# « ^ ••« 

.U) Itl .^i'l «WC« /\g^ •* » «S**X1» • 

«• m .J4i*f^u* ^.4 •*** '• 

tit«« fli 1^ 4a ta -frttl 

«ri# «1 mi/# r.*«ft-6«4 mJ *il- V* ^ rnSNi^ 

M/ %# % »tt»'> «4f te 

1 . g> .Ui* fi- mi oi«* 

V Om.Tl ># *«%il • »€Vi, it) ►Ut#«4 

.o*|i»*ii«n* »i»m»i» « «4«U me1 »l«i*ummi 

t 

ti -iM* t« mrni 

tt -1^ ^.l***^ ,*Ui* 

tmif irtr** •■•m i^*. iAim>mfr •*»- mmmm# 

I %r^0^ m ►ia^t^ai 

^ m • aaii o# 

aj aaaaX -. w‘a-» Wlar- • ..i^ri« madia 

^i»iarmmaa% ftailaM a 



J n energy loss, Oi- cost of switching; for one 



cyclo Is given oy tbo area of the hyeterosis loop beoco 

m looU for e metorlal with the scwillost coercive force* 

In sedition to thie, the trcnsltlon to the satureted stet© 

sl^uld be s eh^rp chaa;;:©# ea evidenced by the ^ 

sharp knoes 

of tlio loop, fcote on Ig. IlX(b) that this tratisltlon It 
lest pronounced for certain atsterlale. 



iho oyolic switch developed here 1® not exactly 
snslogoiis to cn ©rdlmsry switch In the respect that the wev©'- 
forai hero detemlnes the tlrxi of switching in lieu of this 
tlsae belnj established by an Independent caechanlta. Thero 
te eaothor degs'se of control over the cwltchlog point In that 
tho ct»*o Ray be biesed externally fresa a d.c. corront soui'ce. 

Use La ffedsr ?iodulator Clrouitr? 

The greatost nuKbers of operational radars 
♦n^loy a aegnetron oscillator in t^i© transalttor. 
typical characteristics are given In Fig. IV, for tlw 
Keytheon 2J33. It will be seen in this figure that for a 
specified plat© volta^?> tJw)re Is a specified deviation froa 
its operstliii: frequency. Sl?»o wfcst goee out of a radar 
trsneinlttor nast raturn if thero la a tercet, the rocoivar 
must bo of sufficient band width to accept all echoed out- 
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MODULATOR CIRCUITRY 




i 

4 

'» 

o 

k 

*C 

V 

s 

,e 

*5 

■ o_ 
^0 



“S 

* 







(- « 







\ ^ 



y 



21 



Circuit Inlermedtate Ditchwy Ffriat DUcUry Cir'cait 

(" 200 ,.) (*- 1.0 



going frequoncies. It iTollowa that the magnetron should 
be pulsed with a square voltage wave in order to minimise 
the receiver bandwidth* The bandwidth should be minlmisod 
In g^neral^ on a search radar at least, in order that the 
slsnal/noiae ratio is acceptable, A wide frequency drift 
in transmission, without compensatory circuitry, would reduce 
the eCTactlvo range of the equipment, Conpensating circuits are 
coetly. hodulator circuitry employs switching devices, 
cores, liard or gaseous tubes, rotary sparU gaps, etc., which 
are subject to extronKsly hig^ peak currents and voltages. 

It is at this point where an luiproyemont on the core device 
could achieve substantial gains in reliability. Cores have been 
used in modulation for yaaro, the principle objection to 
their use in the past has been resultant poor pulse shape. 

The purpose of this Investigation le to determine the 
advantages devolving from the uso of cores in a cacceded 
circtdfc for the purpose of Improvemont of pulae shape, 

A diagram of the clrcuSi used in this investigation Is 
shown in Fig, V. This clx^cuit was developed and tested 
for a 2$Q volt output pulse (10) at a prf of 10 ke. 

Component values are derived in Appendix IX; literal 
derivation of the proper values for the design is 
detailed In Chapter XI, .% qualitative explanation 
la offorred here preliminarily before more elaborate 
analysis. 
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Descrlptloa or Operation 



Th® pleoowlse llaoar circuit shown In Pig, V («) 
is vftlid over the greatest pert of the pulse repetition 
perloU* This is e series s.c. resonant olroult whoso netursX 
frequency Is that of the prf. A voltage transient chorgts the 
ospscitor up to s value about three tlsies the driving source 
8 teady»state peak value* At the first negative peak of the 
wavefora the biased saturable core SCI switches and the 
circuit of FUj. V (b) is valid for a period of about 
1/20 th of the pulse repetition period. In this tl«o the 
eapaoitor dui.^s its chargo into the lunqsed eapsoltance 
of the artificial transmission line which i^kes up the 
pulto foming network. This is done in a resonant surge 
in a time deternlned by the values of saturated inductance 
of and the two equivalent capacitors In series, and $C, 
This resonant surge of current causes the ??H to charge to 
the original peak voltage at at thoflrst negative peak. 

At this time the saturable core, SC2, swltehes to an effectlvs 
Inductance of sero, causing the charged transmission line 
to be terminated In Its charccteristlc Impedance as viewed 
across the pulse transformer input. The circuit of Fig. V (c) 
is valid for this case. The FFH line then delivers a rectan- 
gular puls© to the magnetron. Tho function of the deaplng 
diode Is to suppress parasitic oscillation ocusod by stray 
capacitance at the end of the pulse. 
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S/lih th« forsgolcg rs pr«ljLsaln«ry b«ckgppou,ad It 1« 

C 0 @n that raiiar jaodttXatlon !j 3 o»a phasa o£ tha n«ld la 
ifdiloh reliability iKproveriaat siii^t be feasible. Saturable 
core reactors are used at lower pulse repotltloa frequencies 
with eo!3» disadvaatages* nanaly poor pulse shape, poor 
offlclcnsy and the nececslty for aa alteroatiag source (2) (11). 
kn iaduotor*altaraator, a hi^^ frequency alactro-mechanical 
power modulator will serve as the power source for a full- 
scale i 20 dulator cu»tvork develor/«d previously with success 
St a 2$0 volt level and a different jMilso repetition frequency (10) . 
It la attempted te obtain a p.r.f* as hlg^ as consistent with 
power limitations on the prlsoa 



CHJ^PTEl^ II 



analysis and FROCO)lIIiE 



Basic /resumptions for Alternator nalyela 

Since In Its present fippllcatlon the filter- 
nator will be workins In a repetitive transient raode, it 
would bo aatheaiRtlcally convenient to represent the electrical 
portion of the raachino as groups of inductively coupled 
circuits. There will, in general} be inductive terrus in 
the grouping which are constants and those which will 
depend upon rotor position for magnitude, Saturation 
el'fects are assumed absent and only first and eecond 
harmonic effects are consldored, 

Vlgualigatiog of One Pole-pair 

Figure II shows a view of geonisti»lcal relation- 
ships for one angle of rotor position which may arbitrnrlly 
be called zero degrees. If wo consider the two end sections 



of tho stator-rotor asserably as corrospondlng to two phase 
belts displaced by 120 electrical degrees, we may say that 
examination of one pole pair gives full Information as to 
geometrical events occurring with respect to its phase 
belt. This same pole pair shows events transpiring in the 
other phase albeit displaced by the phase angle. 



the armature. Note that each pole Is oppositely wound 
from its nolghour. As the rotor moves It can bo seen 
that tho flux path for armature flux In a radial plane Is 
Identical at 0° and at 180°, having gone through a complete 
of geometry in this angle. Therefore, It can be expected 
that the armature phase self inductance will consist of a 
term as follows: 



Figure II shows the method used In v;inding 



L 




(13) 



L 



instantaneous armature phase Inductance 



L 



aal 



constant component of L 



aa 



^aa2 “ variant component of 

V » rotor angle In electrical degrees 

- 32 X 9 (c = mechanical degrees of rotation) 
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Similarly, for the mutual term botwoen field and each phase, 
as the rotor traverses a pole pair ( Y = 3^0®), the gaoraotrlcal 

relationships go through ono completo cycle. The air gap 
there varies from a Hinlmua at 0® to a negative mlnlmma at 
180®, (idiere the rotor tooth Is opposed to the oppositely 
wound stator tooth) and on to f ~ 36O® which completes tho 

cycle. Thus: 

* ^fal ^fa2 ®°® ^ 

“ unidircctioncl mutual coupling 
from f isld armaturo (phase a) 

Lf^l ^ constant component of (phase fi) 

L- p a component with positional dependency 
upon rotor. 

(for phase b add 120®) 

Tooth and slot relationship ere such that the 
air gap path for the field flux is almost a constant. Thus 
there is no positional dependency for the field aolf Inductance. 

( 15 ) 

A rather apodal case exists for the mutual 
term from tho armature to tho field. It may bo qualitatively 
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ecnrlBioncKd %h&t, im t® ths oppoBltolj wouad «i>si»turo •truot(£*0 
th«r« iB fl«u eaespooont In tb9 «xl«l dlrtoilon to 
ftrmture Burr^at* thuB th» ssatoul t«m la ceocellod out 4uo 
to £€TO linkage ! 

I.J, / V- 0 JIM 

thia point, tli« br«sa alu|^ loeatod 

bots#»«n rotor t##th bsw bo«n haj^lly l0nsa?<»d (c«o -‘'Ic, JI), 
ftinctlon of the«o b«^a it to Inprovo tho mc9B form by 
ahortinc out hli^^r rroquoocy ooopon«nta« f&p a atoady atata 
»»do of cn:>aratlo{i for tha alternator, it mi^t ba feaaibla to 
ataka a point by point ealculatioa of tba oat air ^ap fXux 
by ^apMcal aolutloa of I*a Place «c %oatioa in tba air 

Local araoa of aaturatlon, if aoy, could ba aaaaaaad 
and thereby a qucntltatliro enalyala of th© air cap field 
attainad. ^a iMthod xd^t alao Isavo value In the trenelant 
aoda. 



?t» analocf . cili^t be aada that thaaa Jai?f>ar aluc* 
ara alftllar to amrtlaaeur idndlni^e, i^ch wlndlos* 

Ifyiored in eo=ia analyaaa of ayncbronoua machines fera, 
bowaveTf the alusa occupy a conaldcrabla eactor of air cap 
parlpl^ary. 
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la & postlbllity* Mo uoiquo eurrant p&th la pt*aaaat, 
af courso. 



7ba atituios praaaotatlaa will the 

pratama of these desper alass for tha tl«se being afid will 
check these effects la data o¥«lualiion« 






^Ith the foregoing ft68is;t:^ilons the toewi of 
inductances havo bean defined. It la now feasible to write 
down the electrical equationa for the iMchlno at viauallxed 
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ktiorej a^ end - phase voltages 






“ fial(3 voltage 
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Slace the phase voltages are aot to be used 
directly In application to the modulator, a new voltage 
la defined below which is tho difference of the phase 
voltages. A like treatment Is made for tho currents: 
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( 20 ) 
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( 21 ) 



Also, from symmetry It la essusied; 

(22> 

Therefore, equations (l8) and (19) aro combined 
below. Tho constant terms of the mutual of field to arma- 
ture are rotelnod since sign has not boon defined: 

+ ^r.2 + 

“O* «'P - 30)] 

- 1:= 2«a - ^ +K«2 <2f+ 30*)] 

(23) 



30 
















mt kton to 






'.fv 







|( 



4*W ■*• a***' ^ * i 



;6l 

itsi 






I 



If tho aliapllfylag aestcaptloa la raade that the 
second harmoalc tcrin la of negligible Import cnce, which 
may be justified later and alao using p for tho operator ^ t 



PUf) - tfbi -nf3 “O” ‘'^-30°) - 

(2U) 



If tho field excitation is supplied from a 
constant current source, alternator behavior may be 
described as follows if constant speed la assumed, (the 
phase angle is dropped) s 

*1“ - I* 

The procediu»e to bo followed later will be to 
evaluate the various constants of the machine by conventional 
methods and to thereby provide a check on tho foregoing 
analysis. 



PevelopEtent of Modulator Circuitry 

Hie next atago In the design of the full scale 
nagnotlc modulator is to expand on the operation of the 
circuitry to be used. As mentlonod in tho Introduction, a 
J.OW voltage n^del of this basic circuit was operated 
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succeBafully In Reference 10. A review of the nechanlc* 
of operation of the circuit 1g in orcer for this presentation, 
f’er convenience la anelyslo, there ere three piecewise linear 
Bppz’oximctlons to the cyclic operation. These are shown In 
Fig. V and are in ardor, the charging circuit, the Inter- 
mediate discharge circuit and the final discharge circuit. 



The Charging Circuit 

In the charging portion of the cycle, the alter- 
nator causes the voltage on to rlae In a conventional, full 
cyclo, a.c. resonant charging mode. (11) Tl^e piecewise llnecr 
circuit for this mode Is valid over the greatest part of the 
cycle. The Inductor is placed in series with the Internal 
inductance of the alternator to bring the series 1C cotablnatlon 
to the proper magnitude for resonance. It is possible, with 
no llnltations as to choice of other circuit components to 
match to the internal inductance of the machine. In 
the case at hand, the pulse transformer turns ratio was 
limited to Is 5 which in turn Iciposod another constant tiirough 
the pulse forming network.j Kote that the circuit is considered 
to be open to th® right of duo to the high impedance presented 
by the first saturable core. Starting with the alternator 
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The tlrae domain response therefore consists 
of a sura of a damped sinusoid pulLs an undamped sinusoid. 



Comparison with Undamped Case 

For tho undamped case it can be shown (10) (11) 

that this voltage across tho capacitor increases by a 
ST K 

quantity - ■ at each succeeding positive or negative peak. 
The effect of damping, 0^5(0, In the Equation ( 3 o) is to 

decrease this rise since the o< turn corresponds to multi- 
plication by a decaying exponential in the time domain of 
the steady state sinusoidal turn. If the damping is 
negligible, there is little effect on the first few peaks 
of the time domain response of the a.c. resonant waveform. 
The criteria for negligible damping might be defined as 
that value of ^ corresponding to a damping ratio of one 
tenth. 
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Tho Ir^tgrrsoaigtc r^echjgfrt CiretAit 

7iw Imtsnt tint flret efttu 2 ‘»bli» eoy» .o«« Inbo 
e&tur«tloc. tli» ploo«tfl8» llMar «lrealt er lntorae<2iftt« 
dl«®hBTafe>, sthown In . Ij;. ¥, (sppll^a, Tb® fanotlon of tH» 
circuit la to tranafar ih« energy of the charged to th.e 
Pulae 4'omlog yotworJsj not only nust thl» bz transferred, 

but It r.uet be transferred In a lelnlr^uai amount of tLio, con- 
slatent with limitations Ir^osod by tbe delay line idiicb 
fonaa t>se The resaon tlist this ailnltatuca of rise tlase la 

apeclflod la that It la desired to beep the mrsher ©f turnc 
on tho aaoofid saturable core to a ialnlii»e&. If It la reaiembered 
that tbe ir?>odance of this second wcund cor© Is proportional 
to the SQuare ef tbe natbor of turns. It esa be aeon that a 
large Impodanoe will cause pulse dletortlon. A faster rise 
time permits fewer turns for the saoie voltags peai*.. Ihe 
lujHped oapeoltenee of the f 5>C, is substituted for Its 
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five »t*s« ^Istrlbutod CftpEcltance C, « »ub»tltutloo which 
U vulid wh*h th« major frequanoy con^onoatu of tha charging 
waT« fora are well below tho ”cut off” frequouoy of the 
artificial tranealaalon line cleea by* 



contributing to PF8 charging and a second tena, 
i&agtwstlalng current passed by the second core« due to Its 
low Impedanoo. The mohanlsa of this transfer la under* 
stood by roirertlns to Laflaoe notation; for purposes of 
simplicity the magnetizing current of 5C2 Is considered 
constant} 
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L z Indue tanca per stage 
C ~ eapacltanoa per stage 



( 33 ) 



Koto that the current consists of that portion 
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where: 



H = H the coercive force 
c> 



N 3 number of turns 

core length (cm) 

I = ’’magnetizing" current in amperes for 
the second core 
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where - saturated Inductonco of first cor© 

5C " luisped C of ?FH 

I - La Place transform of current In inductance 
^pfn ' Place transform of PFK voltage 



In the the domain this voltage is: 






cop C 



( 1 - ooa u't) - ^“^^2 (so - cjscj 



Vo tr 



5c (c^t^c) 



sin uj* t 



(38) 



'Phis voltage ma7:imizos at t seconds which 
is, of course, tho time at which it is desired to have the 
second core saturate. 
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The term u^ls or the order of 10^ r«d/sec 
and this fact justification for dropping out the 

last two tor«c of i^quation (38) if the tliae Interval 
considered is small ( 10“^/sac). The magnitude of this 
first peak is: 
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From consorvatloQ of oaergy> for complete 
energy transforj 




Cq t 5c (i^l) 



The Pinal Discharge Circuit 

Tho saturation of SG2 effectively puts a matched 
ijeriTilnation across the charged artificial tranemlsslon line. 
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Since the reflection coefficient is zero at the nagnotron 
end and unity for the open end, a rectangular pule© of 
duration 2 x 5 s fTc seconds, is delivered to tlie laagnetron, 
of anplitudo/ ^ ^cop pulso tranafornor is 

assumed ideal and the impedance of th® second core is assumed 
zero. 



i;uo to stray capacitive effects, spurious 
oscillations occur if the damping diode is not placed in the 
magnetron circuit. The diode causes these oscillations to 
dampen out. 



The apparent resistance that the magnetron presents 
is determined by the operating point sot by the pulse of 
voltage. This apparent resistance is sketched In Fig. V. 

This resistance is reflected across the turns of the pulse 
transforraor. 



The output of the magnetron is led to a matched 
7/6” coaxial line vdilch is in turn matched to a reeistivo 
load. 
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CHAPM III 



R^;£ULT3 



The modulator system design procedure Is given 
In Appendix II. A schoastic of the overall systea Is 
presented In Fig. XV, Fhoto^aphs of Individual ooiapooents 
are presented In ensuing figures. 

Hesults and curves of date will bo presented 
for tlisse Individual system ooraponents In the orcer In which 
they wore taken. Explanatory coment la Included as to the 
means of measurcnicnt, for the purpose of evaluating the 

data. 



Open Clrcult-»£hort Circuit Characteristics 

Iheso two curves are plotted against field current 
In Fig. VI, for vai’lous speed levels In the modulator. Speed 
was eieasur*ed by using s <3R Type 631B Strobotac which was 
calibrated against a Tectronix Type I>li;E oscolloscope, Tiie 
voltages wore measured with a Voltolatayst kV97 electronic 
voltiiater and cux'rents were measurod with this netsx* across 
. fl«d 10 ofcn reslBt-r, The object of the plot Is to 



41 




it il f«l| ^ idii In nfl 9 4m ttfiiw mm Wnit • 



Ik 





I 



I j 




s 

i 






‘iunnRnww 




























! 



I 

cie^uro th» imtual of the f lolc with rospeet to oao ph«ce 
belt. Fhsco i.wc obecrrod to be baleaco(5 wlthia 

eneXl leeesureiMQt •rpca-a* Xlie flalU vae, smelted by a co&- 
etaat ourrent source. Xn eXl cases the field was oecillstod 
for the purpose of obtetaiag as iioer a ▼eluo of zero e» 
feasible for the lodtsocd ▼oltaea, due to reolduel nagnetletn 
in the stator. It wes observed that the residual siagnetlc 
effect for the voltaae aeroas both phases could be as hl^\ 
aa 200 volts at $ Ue. 'fhia residual effect la not toed la 
that all eurvea oanuot be ejctrapolated to the a«jn« polat| 
note the Irregular spsclas* The object of tho 1^^^ plot le 
to ostabllsh the eyiiu^bronous Icapcdauce caused by aud 
Tills v«o tnoeatirQd ovor ca oporatlns range user $ tec to givo 
an Index as to dasiper bar effects. 



Incluctlvo >>ffoct of Pro l*^sce 

Hlguro VII shows a plot of the Incuctlvs effect 
of various windings due to the snglo variant eojnpcnont of 
induotaneSf at ^ ko« Th^ plot Qlves an index as to steady 
state evaluation of ‘^ereiature cot^tants. A oonsiant current 
sourea provided excitation for one pliese belt of the stator, 
while the rotor isaved at the epoed ec^respendlng to 5 tee« 

The alternating voltage generated In the armature was meaeurod. 
This wts found to be a second hormonlc eoniponont solely • 
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Not® tho magnltudo of tho aecond harraonic offoct. No field 
voltage clxange vjas observed nor was any voltage change 
observed In the second phase bolt, 

Transient i^ffceta 



Tho effect of a step of voltage on tho alter- 
nator field as felt by one phase belt is shown on Fig. VIII 
and Fig. IX, a tlrae constant of .119 seconds was observed 
at 5 kc, A full load short circuit current test was made 
and the waveforms of this are displayed with those of tho 
field transients, on Fig. IX, Tlie actual photostat/ copies 
are poor in tho respoot that for tho field stop it was 
desired to place both voltages on the same tine scale. Since 
the alternator output has a frequency of 5 kc, the armature 
waveform Is blurred. In the case of tho short circuit 
current teat, the wavoforns were placed on a fast sweep on the 
Dumont 322 oscilloscope in order to retain the identity of 
tho ariaeture waveform. However, tho film speed was not 
sufficiently fast to register the wavoforsi dlstlntly for 
reproduction. For this reason the peaks have been sketched 
over for clarity. A tine constant of about 1$0 /s was 
noted for a group of photographs. This figure was computed 
by assuming complete decay In five tine constants. Kore 
quantitative data on short circuit response would indicate 
a more sophisticated technique in phasing swoop end switch 
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FIG X 

HARMONIC CONTCNT 

it* 




(ai 60 CPS STATIC MUTUAL OF BOTH PHASES AS 
A FUNCTION OF ROTOR POSITION 




Om>ih of Ha««6M*C 
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# PrCT SKltch wa« ueaU hard within ono polo 
was displacod so as to trlg;$«r tho swssp before the short 
circuit wss mads. 

ItsTi^jonlc Conto n% 



I 60 cycle "static** test of field to srsiaturo 
mutual Inductsrjoe was laedo. 2!he resulting cutts Is shown 
In i*ig. X, Both phase belt voltsges wero used In fclso 
ccraputstlon ef this csutual which is s i^uictlca of rotor 
position. Tills is terstod s "ststlo** test elnoe the rotor 
wm held fixed ct s known sngle while the srs^ture voltsge 
wss aieftsured. The mutual laductsaee Is derived i>om this 
tera, n analysis for hnrjnonlos wes perfonasd by nu?3©rlcal 
a»thods end this procadure Is given in ppondlx I, The 
fifth hsrjKoalc is the ssost pronoutKsd at the static test, 
having 8 nsgnitude of about 11% of the fundejcentsl* .> 
sepas^ate ''djiiamle*’ tnsiysls was porforaed using the SR 
Vfave -•nalyser, Typo 736 • This hss sn upper IL-slt on frequency 
16 kc, benes It was neoosssry to opersto below 3 kc for 
hsTRionls detersilnstlon. It was first sssanod thst the wove- 
forri would fee a function of rotor displacomeat. coj^psrlson 
of tho results of the two laesns of taeasureoent is given In 
^ig. Ji, In gsneral the static harsionles are higiier, than 
Khen the laeseareinsnts were taken with the rotor turnln;^ 
the fundansntsl frequency* 
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General I'orrjs of Inductance as a Pmiotlon of Kotor Position 



400 cps "static” test was performed on the 
puEChlne. The results of this teat are |tiven In v'lg. XI. 

The purpose of the tost wsa to vorll'y the forias of induc- 
tances as hypothesised In Cl:iapt0r II. Xote that there is a 
constant term end a posltloiislly-dependent term for each 
Indue tanco* Uote that there la no correlation In nagnitudo 
b© tween the 60 cps static test and the i|00 cps test, (In 
both the magnitude of ©melting curi»ent was the sa»9» 500 cia.) 
Kot© the small second harmonic wavefci:^ of the self induc- 
tance of the arraature.phase belt. 

hachln© Losses 



‘ sumsiery of the losses of the machlno is shown 
in Fig. XII, The value of full load current was chosen 
arbitrarily on the basis of 650 v (.rmsji, ,6l5 a (ms) for a 400 
watts rating, maturo resistance was found to vary fron 
about 79 ohms to 90 olsss, due to heating effects presiuiably. 

n eotlnated accuracy of 10^ Is given for these power 
figures. These losses wore obtained by measuring the no 
load power consuaptioa of the Bumore motor as a function of 
spaed, with the roslatancc of the motor arjuntaro. By 
ciensurlng total power Into the alternator -motor syston, and 
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ftpplylnc aotor losses, the power concuned by the alternat r 
was attained. 

tjs teres la Loop Heasureaent 



a example of the nsjthed used to masure liysteresls 

% 

loop constants at frequencies necr ^ kc Is shown in Pig. XIIX. 
The core wAb current driven frosi the alternator. Voltage and 
current wavoforns wero takon (-Hg, XIV). These were trana- 
lated Into tbo E-II Char &o ter ietio. < somewhat low value for 
maxliittja flux density was E»asured or the first stage core, 
usln^ this msthodg bataratpd poraeabillty values were taxen 
by biasing the core Into aatUi'atioR by meana of a bias winding 
and by ineasureiaent of tho lapedance developed by this wlnulng. 

Final Syateci 

ammmmKm n iw^w— Wlfcww n— <■ ii n i n ■ 



Based upon the evaluation of conatants illus- 
trated in the foregoing, and upon the eiodulator cezlgn 
procedure contained In r^ppendlx II, a tiagnetlo aaodulator was 
fabricated for operation from a 5i kc pulso repetition froquoncy. 
Tho system schematic is illustrated in XV. A Binks air 

compressor furnishes a supply for the oil ■ciist system. The 
©hai*slng ospaoitor, C^, is *0075 ♦ This is charged by tho 

Inductor alternator through on external Inductor, I30 rah. 

Kae first stage core, an /mold 5337H» is wound with 709 
turns of iJ^lB heavy foriavar insulated copper wire. Tho bias 
winding Ic 50 turns of ilO hoary fornver insulated copper 



wire 
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12ie doley lino Induct «nc« Is 6.65|^nd th« 
capscltanco Is .0015 The second stage saturable cor« 

consists of 8 stacked 50003 Orthonol cores wound with 70 
turns of #18 K,F« copper wire* 

Wavefoma observed with the raodulator ero shown 
in Fig* XVZ. Iscltatlon was 700 m»* Pemk values of voltage 
were aeasured across voltage dividers loade up of series 
capacitors. The voltage dividers were calibrated with a 
Kewlltt Packard Pulse (Sonerator on a Tectronlx $11;D scope. 

It will be noted that the first core is saturating prenaturely. 
Bias current on the first saturable core was .71 amperes. 

A spectral analysis of the magnetron output was attes^ted 
using a Type 107 Spectral Analyser (Sy?vaniii), spectrum 

was quite unstable and was not pliotographed for this reason. 

A stsndlng wave voltage ratio of 1.05 was observed using a 
TS»1 ^/aP standing Wavo Indlcstcr. 

I>otalled photographs are listed on figures following 
Fig, AVII which point out details of components. 
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CHA?T£a IV 



LISCUSSIOK RESULTS 



Qpon Clroult~&hort Circuit Charaotorigtlca 

the- v«luo of open circuit voltage par phaae, 

Fig. VI, It la foun<5 that a per phase ixutual of 15.2 mh 
applies over the rctigs 3*$ to 5*5 tcc. This value la constant 
within tbo tolerances of jssecureaont errors, eatltacted at 5^« 
Proa the values of and can be found an Inpedance made 
up of internal conatanta of tlie crBiature. If It way be allowed 
to skip to th® value of Internal resistance, So ohae, ob- 
tained froa pov/er Input laeaauresients. It la found that the 
apparent solf Inductance of one phase Increesea froa 3.3 sah 
at 3*5 kc to 4.2 at 5*5 ke. Since the second harmonic 
coraponent of the self Indue tenco Is sssiwed negligible (to be 
verified) It la assussed that this rise of Z$% In the value of 
self Inductanoe, la due to the effect of damper bar coupling. 

TlP» Verlent Inductance of One Phase 

A Straight line approximation for the self inductance 
of an armature phasa was made for the case of the second her- 
aionlc cTOsponcnt of nnoaely Thla gave a value for 

this term tdilch was 7*5>^ ®f that of the constant salf In- 
ductance. The net Inductive effect would be slnee It Is 
a second harmonlo term. Hence, It is felt that the omission 
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of thl« term is justlfisd for first order purposes. 
Transient Lffects 



Hie Inductance of the field winding was dotornlned 
to be .27 henry. Its soro frequency resistance was 35 ohms. 
This gives a predicted tlae constant for tlie winding of 
.0077 soc. The transient obscxnrod for a step input of 
voltage on the field contained a time constant of .119 sec. 
This disparity involves a factor of 1$. An explanation 
available here lies In the coupling due to the daraper bars. 
This Is a large problem to quantltlzo In the steady state 
condition, and Is larger for the transient condition. 

Sketclxod on Fig, VIII Is the predicted waveform 
for the armature phase, obtained from taking the instantaneous 
excitation current and applying the field to phase mutual. 

Tl^ls predicted curve falls within 10^ of the plotted wsvefoin 
obeerved, allowing for remanent flux effects. It is felt 
that the lOj? difference is at the accuracy rasrgla of the data. 

For the short circuit current transient the time 
constant raey bo computed for an inductance of Ij. ah and a 
resistance ef 14.0 ohms, as .0002 sec. This value of 200 micro- 
seconds is near enough to the experiments! value to lead to 
the observation that the internal constants of the armature 
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wiQdlf^ uloao Govern for the csmi tli* temlruiXs ot 

this wlndllns s«*o short oireults^ with ssro curs^mt In th«a4 
t or OBSs i^h«rs oarrent Is In tli* ermturs ot tho Instsat 
&t oXo6uro> s c%ore ocssf}Zle«ie4 eiEpIsetatlon Is prSbshZ^ 
requlrsdl dtno to ooupllnG vlth the tLmp^ bsrs* In sciQr srent» 
It Is fsit ss s resnlt sT these prelialnsrj prohioes thoit 
ir this point Is of iraportsnes for soae eonte^lsted fona 
of o|>erstloa for tlso sXtsrnstor« the ^itsdc x^spanss csist 
be Bssesss^ by use of rsflfied stops teolmlques id^ioh penclt 
exsalnotlon of the w«Tsf arras st tntorvals of 10 ederosooond# 
followloG closure* For ibs »io<2s of opsrstlon used in 
s*c« tri^lsat zesrmsnt ohsrolns^ the current Is slnsast 
soro at tbs Instant first sts^e satur«hlo corn fires* 

The ^dynsials’* tsst f£sr harcionla content with tbs 
uss of the 0.?l* Vavs ^inslyser sseias to shew that tl'io clsmspcr 
bars hmrs parferned tbs Inteo^d funotlen^ nsosly to inprors 
tlas steady stats weveforsi* 

^aKTTiili f ai^ jaf_lisgi» 

ths results of the kOO ops "static" tsst doss 
verify tjrjo qiialltatlvs prsdletion of the forest ef Indi^tsncac 
nads In ChBpter IX* Irsts that the i^sss dlsplsesrsent of tl^s 
two nutuals* with rsforer»« te the respective constant 
eoiipanont of seeh« is 3U!0^* The valus of mtual here 
cbtalned Is apparently uesXees» since It differs fron tlie 
Tsloes ehtalned by uslns ether frequencies* So oorrelatlen 
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of th 9 values of Indue taucos obtained in this ”statlc”te8t 
procedure was noticed as various frequencies were used* In- 
deed, the values obtained for a specific frequency varied 
vlth the level of renanent flux* rox^ quantitative aieaaure^nt 
of these Inductances, the values of inductances were taken froci 
the operating character Is tics of the alternator. 

Machine Losses 



It la apparent tliat the machine is not too 
efficient ( less than 6k^ efficiency at 5» kc full locd). 

It ni£^t be expected that considerable heat would develop 
as a result of 200 watts Internal dissipation at $ kc. 
However, such is not the case* The ollmlst systou keeps 
a continual cedLant flow, of course, and It la deduced 
that heroin la the reason why tho nachlne does not host up. 

At no tijaa In the course of this Investigation did the 
alternator show signs of overheating, although both air 
compressor motor and prime mover motor wore conatantly 
running hot. 

Method of Coro TestlnA 

This la a very Interesting subject for which the 
reader might be rsyarded by a cursory look at (9) {Froduotlon 
Testing of Magnetic Core Materials, AIx,*. Conf. Paper, 6/$h) 
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The reeson that current drive w«s selected hero was because 
it was tho easiest to raallcos however, current drive Is 
not a bad choieo slnoo flux drive has been criticised duo 
to tiae variant randoci Inconsistencies in repetitive oper- 
ation. Sinoa tlie aaxicaca flux chan^o ie the salient Iteas 
of interest in the hysteresis loop, any lagitlnate saeaas 
would prosuasbly give acoeptabl® rosulta, With regards to 
coercive force pro-do terainat ion, it Is doubtful if the 
current drive produces a valid quantitative figure for 
this; It Ifillkely to givo a higher quantity. This pro- 
datonalnatlon, bowover, is of second ordor iraportance to 
aodulatlon In cny event, since a well-deslgnod circuit 
would provide sseans for adjustisent of this bias. Any 
valla laethod of chocking aturatod perEsoabllity would also 
be applicable to the problea at hand. 

Pulse Shar>c 



k casual glance at the waveforras obtained In 
Pig, X7I will lend oredeusa to a statojaent here that 
waTcfo 2 *aa could stand vast Improveaent. A word of 
ojcplanation la in order for these waveforms is in order. 

The criterion to be settled first was felt to bo 
the voltage taagnltudo relationship, to wit, > kv at tho 
cathode of tho magnetron. Therefore the excitation was 
adjusted to five tho $ kv peak voltage at this output. 



63 



M «l4tj .T9-nMM |All«t 







#• «4I «« itfl— li#Oi itf 



#a4i a ^ *tt46w aa«4 411^" IVa »%iS 

al Ai aaialam aax ti* •< ^ *4 

c^ ipii frCi ^ 

^ 44 1^ 4 -f ^ 

M4 4M4«4i»A# 4^ ••IWM ^ 4k«d444 

•IWav a1A4 |a hm 44®4 4A I a<i 4^l4 ^ laAwt^ 



Wien thl« wee done, the volt-tlste Intogrel of the waveforsi at 



had exceeded the ability of the turn* en SCI, tiie firet 
stage core, to fire at tho repetition frequency; saturation 
was occurring preciaturely. Slnoo firing occurred at the peak, 
where the first derivative has a low value, the value of 2 kv 
was correct* Tills particular core case had been burned f^on 
overheating in a previous Ktodulator saodel tested earlier end 
it is possible that Its maxlimtsi flux swing had altered since 
the series of test runs. It was the burning which proapted 
the use of oil iisnersion on both cores. 

Therefore, there are two series of waveforas shown 
In Fig. XVI. Tho lower left two waveforaa correspond to the 
waveforn of (t) shown at the top. These three correspond 
te 5 et the aagoetron cathode. Sote the premture saturation 
and Its attendant effects reflected into following circuits. 

Excitation was then reduced to 4*5 kv at the 
aegnetron tdilch reduction eliminated the premature saturation 
of SCI. Tho lower right hand waveforms of /Ig. XVI resulted 
frwa this change. Thiese show a pulso rise time of about .3 
microseconds, a flat portion of about ,0 microseconds and a 
rampllko fall off of about 1 microsecond. The last could have 
boen steepened someidiat by trial and error tuning of stray 
elements* These pulses are quite satisfactory In shape, but 
not In peak magnitude since the reduction in voltage has 
placed the magnetron in the unstable roglon. ilinor local areas 
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oa tlm pulse noted to fuzzj perhaps as a result of 

the ttoe of the el^t stacked cores ct £C2. 

Srectral JjLfilysM 

Iho at» of epoctrnl anclyeis had been to use the 
output spectrua as a criterion of pules chape, lienee. If a 
spectral envelope of sine ix) / x could have been obtelned 
with on Snperfoct w«vefca»n, due to net Intornsl offocts, e 
bettor Index as to systesa p«rforsw»nce was at hand than that 
given by pulse shape sloae. 

A standing wave ratio of l.Op was achieved by 
adjufitnent of the tcrnlnationi however no stable spsctrica 
was retelaod, Thie Is not unreasonable since it could bo 
expected that tho $ kv voltago trigger (l.e, the left hand 
pulse series on Fig, XVI), contained spurious oscillations 
eaused by the train of parasitic spikes. For the ri^it hand 
sot of pulses, tlie peak voltage is about 4*5 kv which places 
the operating point in tlxe shaded #rea of Fig. T-I , Tlius it 
is apperont that if good spectra were to be obtained, it 
would be accidental. 
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Frod the foreijolnG Is eoncludcd thatJ 

(a) 2bo core ehoaia b« oil Imersed for toiapcrsturo 
control cntS stability, Helvllle (2) used oil lisMersloti 
for both dielectric properties and for cooling oa 

a raodulfttor operating at 1!?00 epa, ?or a field 
model, this could larolvo packaging la a finned 
oil casing so that th*o hast dlaslpatlro surfaos 
can, bo proportional to vola^. 

(b) The Inductor alternator efficiency Is marginal for 
tills speed. Tim basic concept of the use of the 
inductor alternator bare Is sounf5 and practicable 
In the oontrollcd-emrlronmont at ago. For high 
frequency power generation, there appears to bo 
potontlol voXvLm gains but auxiliary bearing 
oqulpjaint (1*0, the air oor^rocoi}- should be In'* 
tegratod as an essential part of son© ethJir poi'tlon 
of tha overall system, thus tho bookkeeping coata 
and volujae of this peraslto syotom would be split, 

(o) Magnetic modulator la a sound and praotloablo 

answer to the problem of radar modulation reliability 
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Inprovetsient. Core eccentric It tec at the production 
level ho handled enalogoos to preoent aioane of 

production oallbrattoa of the quadrature field of 
the G,£, aiaplldvno, nasjoly the hard ettglneerins 
thought Gssbodlod in the ooscsont, "after all 
analyoest aro finishad, we etlll hats & turn or two 
to play with.” 
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FIG lEU 

6XP£WM£NTAL MODULATOR 
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INDUCTOR ALT£ N ATOR 



■>D 







FIG. XX MODULATOR STST6M 







FIG. XXI i=’0W6R SUPPLY 



CSAPTJR VI 



RIS0!€4rjSAfXQSS 

ffee followins stonoE «re a few of the emcsy wliich ailglit 
bo turnod to oeeiot In « proper iintloretandlng of th® uao of 
this rsodulator ey»te»{ 

(r) Tost run scvergl ty!?os of sgiiarR loop natorlRlc for 
opl'ialsi^on r ' ' ' 

tho ttso of tls» olcht ssatobod coi'oa for the second 

sta^ switch nay be questionable In that a Gleaner 

pulso without minor faezy areas be achieved. 

XiiG uso of al^it core* hero was for tho purpoe© of 

iseotlns the volt-tlras Integral roqulrosjonts with 

tho ”lo«st-iaduetRnce” solution. 

ih) Boftned trenslent data on the aXtornator i 

Tho possibility of a jaoro conplos: lumped p*r«i;»ter 
sot of circuits exists her© to account for tlie 
danpor beops. Koto that tho disparity in th© field 
ticaa constants so predicted and as observed, can b® 
caused by currents in tho d«®per bers. 

(c) Ropincorsent of nr Inc novor : 

Tills includes & hli^ior powered prime mover to enable 
oporntlon at higher pulse repetition frequencies, 

uoo of tho nachins would be *3or« advantasoous. 
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(d) Operation at n lower duty ratio on the nacuetron ? 

A chortor pula© width to bring the duty ratio on 
tha n«£ 3 a 8 tron down to about .001 would b© dcalrabla 
fron practical oonsldaratlons. 



-if, 5 



, APPCNDIX I 

HARHOmC AMALySK OF MUT1JM IWDUCTAMCe 
OF FIELD ”TO BOTH PHASES (Rvm«c*s ^cmdule) 
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iftPPS^LIA II 



brJblG-JI OP TEE MAOKETIC RODULATOR 



Power conslderatlona on the prime mover Da^iore 
motor, dictated the choice of a lower prf than was orl£lnslly 
planned. It had been hoped that a prf of 10 kc could b® 
attained, but it will be noticed that the no load rotational 
loasea of the alternator aro quite high. With a peak power 
of 15 kw at a prf of 5 kc, there is e duty ratio of 1/200 
ibr a 1 microsecond pulse. This rives an average power of 
7f> watts. Resuming a modulator efficiency of 50> (10), this 
means that 150 watts of average power must be supplied from 
the alternator. *t 5 ko the no load losses are approximately 
190 watts as plotted In Fig, XII, Therefore this froquancy 
was adopted for the full scale test, since it appeared to 
fall within the limitation of the | hp motor uced to drive 
the eltornator. 

The Raytheon Package Megaetrcn, 2J3Q| was chosen 
since it was operative on low peak power of 15 kw. The 
operating point 1^.95 kv at 3 awp, was selected, at 3260 me. 
Thus the apparent magnetron resistance was flzsd at 1,65 K. 
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It wouli^ AiAVd b«en desirabld to have obtelaed a puloo trais^- 
forRer witb a turoa ratio la t}» aalghbourho®^ of 1:6, however, 
the oa^^lrauis available waa 1:5* Ihua the realatcnce reflected 
acroas to the pulae fornlne: network waa 1*65 x 10 
olvaa* Bince this value aet the char actor la tlo reaiatence of 
the artificial delay line and elnca the pulse duration was 
fixed at 1 alcrooecoQd arbitrarily, the psraajetera of the 
delny line were preacrlbed when the nunber of eta&ea w^a aet. 
This was fixed arbitrarily at five, telth the nunber of 
ata^^ea aet at five, the daley per sta£,e fcr the woa flAOd 
at l/lOth of a microsecond, fiiua the two almultaneoua 
•Quatlona were established: 



ytU" r .lx 10*^ second! 

’ 66 ohJBS 

C .0015 microfarads 
L '6.68 alcrohearlaa 



From Chapter II It is seen that Is specified 
now as $C or .0075 microfarads, for resonance It la nacoa- 
aary that the formula be aetlafled: 
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6.28 X 5 X 10^= yTri 

V i; Q 

or L^+ Lj^ = 135 willihonr Lob 



Note at this point that the Internal inductance, 
Lj^, of the alternator could be used to deternine for any 
value of frequency (prf ) . However, this would Inply that 
the option is present to select any value of turns ratio 
in the pulse transforner, which option was not present in 
this investigation from practical considerations. was 
therefore set at 135-8 " 127 mh. 

The voltage relationships of the modulator are 
specified by the operating point picked for the magnetron. 
For a 5 lev peak pulse delivered to the magnetron, a 1 kv 
pulse is required from the artificial delay line. This 
specifies that the PPN must be charged to 2 kv prior to 
discharge and hence this in turn specifies the peak voltage 
to which charges as 2 kv. 

Now it is feasible to specify the turns to be 
placed on the cores. Both cores wore of the same material 
but were manufacturod by the Arnold Engineering Co. and 
Magnetics, Inc, respectively, hence the trade names Peltamax 
and Orthonol. This material can be compered on Fig. Ill 
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with other eqaare loop aiaterlftlej It will be eeoa thet the 
fltu <3«n«lty ewlQS i» large, the coercive force l» low, the 
hnees ere eherp and the flatneaa of the manufacturer »e aetura- 
tlon data Indlcatea a low value of aaturated permeability. 

To co?npare dynamic performance, curves of Hysteresis 
were calculated, similar to that shown in Fig. XIII. From 
current-voltage rolationshlpe it was found that a change In 
frequency in the region of $ kc showed no significant 
departure from a moan for that froquency. The loop for 
3.12 kc is shown in the figure, for a #5307^51 cere. The 
toeasured flUK density awing was 2^,500 gauss. The measured 
saturated permeability was i|2 for this core* This was 
obtained by measuring the voltage across a saturated core, 
at 5 kc. The core, of eourse, was driven into saturation by 
a socond auxiliary winding, i&ight stacked matched Orthonol 
#50003 cores wore used for the cecond saturable core. Tiie 
measured flux density swing, 2 was 2t,500 gauss with 
a saturated permeability of 12. 

Both cores developed considerable heat in the 
switching process under test, vtaveforms became distorted 
under current drive after more than ton minutes of operation 
and it was therefor# deemed necessary to provide for operation 
of the cores under oil for cooling purposes. 
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For th« itt&in vriadlng oa the first otegs core 



It was first nsesasarT’ to determine the volt-tine integral 
for 5 kc at a peak of 2 kr. This integral Is given by the 
f ormula t 
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tubstitutlng into the formulaJ 
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1.1 X 2000 X 10 
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= 709 turns. 
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tt4»7 o*t iinp«?e turna deslrad for biaa* (2hli valua 
of bias OQ th» itans® oora will <3l»j>lac» It# 

E-H char*ct«x*l*tio by mn «sK)unt equal to tho ooerolvt 
foreo* fc^ilch will onablo mi* of full flux nrln^j. ) 

T 

200 X 

•a, 53 «s8P«r* turmi «ffsctlvo(6ui<» to th* avorag* 

curreat InSCl) 

tJborofor* tb* asoount of bias l« dotex’mlci«4 by the 
aifftroQO* r«qiilp«iS to r«tur» tfc* oiacT* to th« d*«lr«^ 
eooroiva fc«?o*j tbi* 1* e»©n to b* 53-4*7» eay ii8 asipere turus. 
For «G «rbltr*py 50 turiae oa th® bl*» wlofilof, «a «K 5 )®i*«go of 
••96 iiqpero® 1* 2 **qulr®d« 



Tho v*lt-»tli3«> lat«0c*ol of tbtti voltage® w«v*fom 
»Ci*o»® til® FFif l» obtalatd by lnto£ratl©n of th« #a»lytl(j«l 
•xppoaaioa for thi« voltag®^ i»gl*ottas th& ««cond or6*r off®et 
of B«gn«tlxlng ourroat la th® «oeon^ etag® eor®« 
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* Substituting values Into this formulas 

2000 V V^8l9 X .0037^ X 10"^ 

2 

18.1 X lO"-^ volt sec. 

For the number of turns for the second stage core: 
K ^ 36.2 X 10”^ X 10® 

26^00 X b X .l2l 

' 70 turns ^ 

(A is .121 cm'^ for one core) 

The saturated Inductance of the second stage core 
Is computed to bos 

^8o2s- 3.2 10**® (mixed English units) 

K 

m 

- 3.2 X 70^ X 8 X .121 X 10*^® ^ 

2.54 X 1.58 



= 17.8 pV, 
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laict valuft «houl<ii be satisfactory since it Ic 
of the estimator order of e»cnifcuda of stray inductance In 
tile laagnetron circuit. 

The final cosiputation in the design of the 
Bsoduletop is to check tJs4i da^apiiv constant of the charging 
circuit. charging circuit cofislsto of the Intornal 

resiotanco and sraeture inductance of the elteracfcor, in 
series with the external Inductance required fox» rsson.nce 
and the charging capacitor, C^. 

Tho resistance necessary for critical dair^lnji, is 
given by axuaaiaation of the expression for the locations of 
the poles of the co»splex frequency response of the cii’cuit. 




i^oret n * internal realstanco of ti.o nechitio, 

L ' total Inductance ef the charging circuit, 1.^+ L 
C * charging caoacit’ nee, 



or critical dafipiag the e.xproaaion under 
radlop.l ie taro and this occixrs v;!ie!i: 
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For the values uaed In the modulator it Is seen 
that this critical rosistanco is equal to: 



The ratio of this value of internal resistance to 
that required for critical damping is thus seen to be: 



damping effect is negligible. Therefore the vxavoforra of 
the voltage across the charging capacitance should closely 
approximate the waveform of that obtained when damping is 
neglected completely, namely a waveform which charges to 
3.14 X. the excitation voltage, whoso volt-time integral is 
given by 1.1 x 3 * lit x. the value of the excitation peak 
voltage. 




= 8500 ohms 




From which calculation it is assumed that the 
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